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(54) MAGNETIC TUNNEL JOINING DEVICE AND MAGNETIC RELUCTANCE READING HEAD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic tunnel joining(MT J) 
device which can function as a magnetic reluctance(MR) reading head 
linearly responding to a magnetic field from a recording medium. 
SOLUTION: The MTJ device is constituted of an antiferromagnetic layer 
1 16, a fixed ferromagnetic layer 118 which is exchange-biased with the 
antiferromagnetic layer so that a magnetic moment cannot rotate even in the 
presence of an applied magnetic field 182, an insulating tunnel barrier layer 
120 being in contact with the fixed ferromagnetic layer and a detection 
ferromagnetic layer 132 having the magnetic moment which is freely 
rotable in the presence of the applied magnetic field. Respective layers are 
rectangular shapes having parallel flank edges and the magnetic moment of 
the detection ferromagnetic layer 132 is bised in a longitudinal direction by 
a bias ferromagnetic layer 150 magnetostatically connected therewith in the 
absence of the applied magnetic field. An insulating layer 160 prevents 
shunt of a detection current and magnetostatically connects the bias 
ferromagnetic layer with the detection ferromagnetic layer without exerting 
adverse influence on the resistance of the MTJ MR head. 
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(54) m&h>*)u&&mmmm§mmmQ^y h 



(57) [KM] (fiEf) 

fi*t (MR) «£*!3^ s> K£ LT«ffiT?££«ft hv* 

MT J SH^tt, S3ft«t*H H6t Hi 
aD«*l 8 2 fcfifc^—;* V ha*lsHEt*#ft^ 

8 £ , H3S»«tt*^«-r Si(ft» h 120 
So J(fe*JBl6 0tt, «ffl««^#i«*:BSlLU MTJ 





(2) 

X 

H£ Li^filcSSL*:*^*— * v h£*-f £B5£& 

^ ±t^j& L>t* - *« y — k £ , 

B^^e— v h lRl^*[p]^±15«ffl34l«ttJio« 

So 

I»*iB4] ±E»SWlt>±E»*oy-KOd>*< £ 

[i»3R*K6 J JiE®-«mU- KttjEffiy- KT-*>!3* 
±EiKft h ^/Mg^*^ y ^(*±E«tU»«i4JB36«± 
EfS-*«y - K«c«^Wtc»j|*-f 5 J: 5t-±EStR± 

±e*— *«y- K«±ffiy — K-t? so 
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±EHSM«tt«i:««tt^*l-r^5^i:«r4* 

[»5RJi8] ±E«» h 

E«£>«« hv^/^^St, 

T, 

JbEXtEi^jSDtBSSftKtt***^, 
tt®(7)^^f^li±E^A^^^Da#(7>#^Tr-[al 

fto*ftfcffilp]£n, ±EJKft*^(7>BiJD«#o#«ET 

^0^#o^ffi*L^±EH*3St«<4Jlo«-ft:*r63i:fa 
tfitft{c±E«a»«tt«o«^*[plS:*^*r[pl^^Y 

±e^ mm & fe ±E^ -r r * /g^m^w K*6*-r 5fc#> 

JbE*6*Jl K J: 5 ±E ' T ^ J| ti-h m^&^&m $ 

±E*^^««{-««Esnfc, -^tiy-Ki 

«tb««Ed«±E««BB*iiiB-r5 tt«i«tt±E^'f 
RSO^y Ko 

«ft*[p]*a*-rsfca?>, JiEHS3fi«i4Jii:*"rsS 

l] ±E»«y- K<^-*-4:±EStR±«c» 
^JcL, A^o, ±ES3fi«i4JiS:±EStEi:±EB3£»1» 
ttJiUBTJiE»ffi±^^J5)c:U, ±EH5£K««=«I3J:E 

«14Jio«^*l^tt±ES*^ttJB^co#ffiS*j|g^{c 
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jab, -Liases ±iei6» h v^^KMsor^tc^ttfc 

[0 0 0 1 ] 

(MTJ) gfCil, ^^^(cfS^Ufc^-^ 
^^Sfc^^g^t (MR) ^j/K^LTMf 

smt j mmzm-tZo 

[0 0 0 2 ] 

l«e*oR»fi aah^^*^ (mtj) sseia, « 

■3, MT J <z>^«i^;* 2 #co&«ttJioffl#W 

[ooo3] MTjgtii m$)s ®w*^v m<n**r 

V ' •te/l'b LTift^StuTl^o MT J^^y ■ "tr/U<7> 
£it#LT1&fflm^£iIiE£^SI$£cDMT J oSStSriBy 

tiTi^^, EUg^rBSihSnr^SJB) ^WixSil 
ill o(7>^ tf> • ^-r^ (MrattSoia^e- — * v h<75 




(3) 0-162327 

» o«?-)&»ib«»W{-«fiS;*tbr^6o h>^««s 

[0 0 0 4] (MR) ir KSit?*^^ 

(c, ttsKOMR^v-y-li^r^coBSStWW (iS^> ^ — ^ 
D-fNi 8 iFei9) ^^^tt^^Stt (AMR) #J^tC 

^b^J:^ffi®i«^S^Ml^wm£Eo^bfc^{t:^^ 

^ [0 0 0 5] MRUS ^^-^ Ft LTMT J ^S^r^ffl 

*r s c t h ^mww^s, 390, 06i#icie*$ nr^ 5 

^ v h^B**tur&i^B£tt«> ^*i^-rsfc^tc{«r 
«», y^xmu sn (ft***/ >rx> ttSrfiT 
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[ 0 0 0 6 J 

I*M^*P*UJ: 5 ir-TSWH] WIS, -LIB 

[0 0 0 7 ] 

*«Sl:i:5MTjSttt, HBo@3£3fi«f4Ji 

ttg icflHaa^iwu:* m £ biifcfe^^ ^ r ^ ^ 
tt^^^r^-r^o mt hv^^*-&(*sts 
±^>*«y- K-t-c^ja^n, m^ogo*^ 

<om&&&\'Xffiti&zk&~st1£kts:&&i\z. mW/< 

[0 0 0 8] 

[0 0 0 9] Bltli, MRtyftftflLt^^^ 

y - ^e— ^ l 2 bT?? l 4 £r^9 

^^v^SrttfttSo iitt* l 0 — l l Pa 




(4) SI¥ 10-162327 

^ ■ YJJ-f • 1 2{c^^i 8fcJ; 9gi^£-ti:T 

&> 9 , ^e-^ i 2ic:J:S[Hl^c^|^^T f ^^^^^^{c@ 
*-*"5o 9f ^tl^^^/u A 5 q&yj*? l 6 co^ffi_h 

2 sa^r — • ^<r yy/-^7-i'^20(7) < ]:5 

s> K«5£MRKBit>^5> K»J&>fcJ*5K^»# — s> Ft* 
^7^2 0 \*WttiV>lK^T — J* 2 2 tV-X'O 

sOi/a 1/2 4&Xy 4 ¥ 2 O^rfB^^^^^ 1 6 <D& 

fMtt*!*, K7>f^ * ^e™* l 2 li-^ST-f^^ 
16&1UEU SfcT^^A^i— ^ 1 4l*ai#, ^7 
fcSlMio-^ }) (Dtf'CX • • ^e—^ (VCM) 

T% ^7-{^20^T^^^l6 OS®^*i^f^]^ 

[ooio] 12 «^7^ — i i «9 fifti^fcx -r ;* ^ * 

K7^^<^W^t¥fflT^ 19 , ^^^^16^-fp] 
-^^-f^ 2 0 S^i^Wtt^^^^a > 2 

4^fffi^Ltt^o t^Vayft, I BMf±CD 

jo r _ . y y ^ 7 >f ^«:«Sii*5 J: U** 

9 ^—^r 2 5(cJ:6^^^^1 6 Lfc-x 

x - W/H 7&&X^y7'l 5^&W)^;^y7\* 

[0011] H 3 tttt**i2^^ s> KW^WRW 

-5 B — 5/ K 2 5 IS^T— • y >^*E (ABS) * 
^fiK-TSfci?>JC7 f^tt-bKf A B S 13 _bl5 L ct 

5lcx7^- .-<7yy^(Cj;D0^f^^^ 1 6 (f§I 

1) <nmftfrb?$m$:mn'tz><> wzmv^y kw, m- 

O^r^b, -^^M-, *-BBfflCJBGl, G2t>f-Ii 
jgs 1 ^rm-^^iSS 2Blcftinr^6. 

• K7^^», MRtyf*4 0I3AMR 

50 mmm 1 2 $r^-b, ttLb\$$&mm i 1 1 1 3P^tc^^ 
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*u ^t^<ommm \ 1 , i 3t>s-tiitpufi 

«*>t-P 2 {cJ**nr^So ISHIHIWJBG 3 tt*rtf>»— 

mffitfp i ««>t-f 2 ^ab scisLfct®^ 

-To :oftffiSftliMRtyf4 oSrtasSESftt 

1 5 (12) \z.&K>&m£*i. m^-n&&mmis, 3.— 

^ • f-^(^^^6 0 13!:/7im^^ K2 5 
I*, K<Z>»— i£jKJgS.2 3a*»&;^5/ K<7?» 

-m^>tP 1 t i^x&mztiz r^bfcj ^s>Kt?*> 
S e if*-^:^ . ^s/K (H^-fri*) T-il 3S— iSR 

[0012] ±|SLrt: AMR KEIFS' K £ ^ Sil?£ 

-<t y • * =74 ¥<n>\\t> v ^yKSrf-r^^t 

[0013] M£ Ll^jftW : M 3 <DWl&m 

K2 5 (7)MRt >"tf"4 0(75+tfcf?^MT J ± 

[0014] d 4 LfcMT J M R R1& 9 ^ s> K 
I*, P*RKJlGlSffi±lc?gfiS;LfcJi£ffi*«i;-Kl 0 2 
HBSBg 2(7>T05±E*«y — Ki o 4 t, t<n& 

E^tmy- ki o 2^±®[Ssy-Ki 0 4?%<o^?y 

9 Mb LT7gj*£*lfcMT J 1 0 O^rftSo 
[0015] MT J 1 0 0 yMl 

o , h >-*a-WSB Ji 120, ±ili^ ^j/M3 
o So h y^/^ti 120 tca^-r 

£3S*ttJl, o* D»«t£Jil 1 8*>5tM* 1 3 2** 

[0016] Ki o 2^?gjS:*nfc«ffijB^^ 

jy^iion !) - K l o 2 Ji^aifcS^lif^U' 
-hgi i 2 &;fru r^v^u— hj jb i i 2± 
£ttK»«fctt#¥fl 1 6(Di^rf I, *:<7>K5M£tt=» 1 
i6ii{c^j&£*u a>o#&,^£;nfc r@^(7)j ji« 
14IH8 ^ft5c 11811 -£0®^ — 

co t r* m £ u&jh * *t r ^ 5 <z> b s t ft £ n 
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So y^i3oii r^tbj 3fifl£t^Ji 132 

*fflJB 1 3 2±^^J«U)tffi:»ilfc-5^tt«^«l 

3 4 ^rft^o ttffi»&i£JB 13 2 ttK3ftflfcteJ!(cS?« 
3 2il *o««^-* v h*£iM*«ffc#|S] 

3 3TvTt) 3 6S[itfx7--'<r yVi/SB (B3) 

Lftt^T?H^3S«ttJB 1 1 8oMM^5^i:s:t 

ttffi**y^ 1 1 0<7)Bffi3fi«14JBl 1 8fS, lUCT^ 
fiffi^^^ s/Ml 0co-^£t>^J*^SS^tt/I 
116 ££&^£-£S^£f;i£ 5 I^LfcWMIr 

So 

[0017] Sfc, [1 4 {c(^«tH3fi«t4Jl 132 

^ 0, fc^t/^tHM^il 3 2^MT J 1 0 0(7)1(?)I 
^P)/^7^11 5 0 5 IfeSJi 1 6 O&tfZ 

ixri^So ^-fT^Slttgl50lj:CoPtCr^4 

mikm&m 1 3 2^1^-^ v h 1 3 3 £|r) is*^ 

So feiiieOI^, M£ L< teT/U^ (AI2O3) 

^^v-y^j (s i o 2 ) t% ^-f r^Jii 5 o^mt j 1 
oofc«tu«ity-Kio2, 1 0 4^b^^ictei 

■TSJ: 5 Sr^-fS^, tttti5fi*i4JB l 3 2 

(C?E^»^o /WT^^Il 5 0^fnM*t (M 

^■f^]<7>/-<^ T^*«l6^-r5fcai>«tii««ttiB 1320 

M*t eJL±"C3fc.tntfib*i\ itHMttgi 3 2r* 

Sffl^n^N i (ioo-X) F e (jj) (XM19) o^^e 
-^y h!4, C 075P t 13C r i2^<t 5*^^T7 p ^3SSt 

h<Dm2mte<DX\ ^>fr^M^il5 0Ol^^> 
40 ft< t)*tti3fi«i*ii l 3 2<7>ff$<Z>2«-C*>5o 

[0018] B 5 liia 4 (DMT J MR^^KCO^ffiH 

5 i 5 l-±B*t y - K 1 0 4 Sr^«t?/T L T 5 0 — 

^MSKi 6 1 n^r— ■ y >irmm&&Tf. mt j 

^-fo MT j 1 0 0 (^■x'-r ^ ^ i^fs^^—^co h ^ ^ 
**$SHS:tts»itr/TSnr^5o la 

[0 0 19] 0 6 13, ^^^^ • \* 1 7'C7<D7 s <t 
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K©»MR5Bt5t»»lltLfcMT J 1 0 0 

* - h^^a*, ^en 1821a VTFZtitzjffaiz.mR 

MTt*t), *-Ip)1 8 4l*»«-*-5K3fi«i4Jl l l 6^ 

■f) ^, Six r ^i92i:, 2ffl<Z>¥ffftffl!lE^:y^ 

1 9 4, 1 9 6 i Lfc, «fa$S7#<Z>»*:*p*-So W 
^COX 5 MTJ100 tf>ffi<Z>Jiia, 1132 5, 
^Hi«t5ll*^3i!X^S:ftSo aitttttlS 1 3 

2 it, mnmft(D#&&TX'£:W i 3 3t»/7*n5 x ? 

Mttll5 0ll «fctt3fi««=JB 1 3 2£i3=fS*-<Z>fl£ 

^ k> *r yttffi^ft-^-r^fc^ic^f^ 133 

^T"t"5o M^^MT J 1 0 0 ^b/H7^I 15 0 
OMl^P^I^^^Ife.itSMil 6 0 

[0020] mt^mm i *« y-Ki02i^, 
K3fiflM4Jl 116, H3S34l«i4Jl 118, h 
ill 2 0, ttffittttttAl 3 2 t\K$:LXm>tl. %- 
»iy-Kl0 4^UB5o flllxgoj:?^, h^-* 
/i/ill 12 0 2r«;h,£ h v^Wfltatt, h ^/i'* 
11120 tC$MgLT, *+5B3£»tt«=JB H8ii 

W5fi«ttJl i 3 2^Moffl^fS]oM»r^So ia» 

&m<D$:%\l87, 1 8 9tc£ <9^£ix£ J: ?f-, *Ip1 

i 3 3 admits j: 5 iciie^Hi'So njxttsaasttJBi 

18, 1 3 2 C0«*w^E- — p« v h ft *3j;tf h 

^«iK**rXx.<5o wixtt, MT J 1 0 0 

-K1 0 2, 1 0 4 3* M£ L^jMEff'JtM* 

^V7^S8ttll5 0Wy-Kl 0 2, 1 0 4^P? 

MI 1 2 0 a^JfeSfcSiirSPat? V — K©te*i:«*tS 

6 Of*, ttai««<Z>#i«B*lt*:?ij£{£ U MT J MR 
^yKOS^BKS^S^i: 1 !)^^, RUSK, ^ 
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-<T 15 0 {c:j:5«a3il«H4Ji l 3 2^f 
[0 0 2 1 ] f&jftJB 1 6 0 *5 J: tfSftifcft Jl 1 50ini 

i-$r&T.mz.£ y$&mm 1 6 owjum^ml, « 

Hi Wi 1 3 2 (0 4) co|Hx r ^19 4, 196 

*3S«ttJB 15 01^ ^-v • t f -jU*fa5X^(7)i: 5 fe, 
Sl^ttWfflS^tffl^r^fiSs-t-So ttfllSl 9 4, 196 

Txmm&m iso «:«a3fi«ttJi 132 &mm-rz>m 
^^t5o mntc **wfe*jB«fmxsr-*6»Ji 1 e 0 

<Z>±ffi«**710ja;U /^7^aittgl5 0OiII: 

[0 0 2 2] ^>fT 
15 0 £ri£0D y-Kl 02t ill 1 9 4, 1 9 6 <7>M* 

-A^5l/ A ^10 0^g5 0 0^V^^ hP-i^(DlSi 

kio 4 frh^^T^^mfem 150 «r«s;*6Jft-rs{c 
o o^^5 oot^^^ hn-^^fflrilsr^^T* 

[0 0 2 3 ] tfeftJB 1 6 O^rMt^S-ft-ilfc^tJ 5 
JtffiU - K«iSl 0 4^1:1 1 6 0*5i:(/MT J 

dbxgr*o/i:^ co^ff ^mt j i o o*^<o^¥tviifi< 

5:^-«foixa"t , off*tt«— nwi:*— raw (gug 
wna, iSK*5«t^*— ie»R (s 

^ US2) K§|#otf tbtiS :^(:/^o il^^iS^fft 

"fe^iMil 0 0 0^-V^^ h n— AtO|ffiffl<7>G UG2 

I* 5 0 0^-^^^ h n — jU(7)^Sf^l{C^ ^ , *'*5>^ji& 
^<7)fc^tCiliJMl 9 4, 1 9 6 Oj(6»B|l , »^ 2 5 0^b 
4 0 07h>^ h C2 — ^(^JSH^ttSo ^b^MC, 

sjt6ftja i6oii, ^-rr^siflaittJi 1 s o ^mt j i 
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[0 0 2 4 ] MT J 1 0 0fflO*t*f(^tfe*W*Ssa^iir 
(B4) lCOl^Sflt5 0 MTJlOO^g^Tfi, 

tfXD'&m&^fz-fo 5 nmOT a ftJI- (H^-tirf) 

fiffi^my— Kl 0 2COtfciiJ4r*fct*l 0 - 5 0 n 
m<^Au/I±{C^J&£n6 0 ffi'fr&^HB^ 
(fee) N i 8lF e ig^^^l/" hgt^^S^r^il-r 

£fc/g 116 WJ5S;ft*teiS-r5 6 M£ H«ttfilj:Cu 
<D X 0 ft f c c&M, P^fC, Tak5^3-5nm 
Ta/3-5nmCuCOj:5 ^Sat^-f T^^o MT 
J — ^ 1 1 0 13, 10-20nmAu® 

1 0 2iOT affi^fC^S$ii:fc4 nmNisiF e 19 / 
1 0 n mM n5o F e 50/ 8 nmN isiF eig (112, 
116, 1188) <DX# y?ti*hf&%>» Aull02 
\* t L T « »J S: » fc-T T ^ ^ Pfl |» G 1 _b (c ^ 
i^t^o fti^, h ^/«iii 2 o&#rffi£; c fco ! o. 

8 - 2 nmA 1 g &:/ 7 X-^BMIS-t* 5 r. ^ (C J; 0 fl^jSi" 
60 ^tiW: A 1 2O3I68 h ^^B8I 1 2 0 if^5. 

X 9 y$ \ 30|j:5nmNi-Fe/10nm 
Ta^^y^ (1 3 2, 1 3 4®) T?*>5 a TaJll3 

0 13, y - K 1 0 4 LtttffltS 2 0 nmA 

[ 0 0 2 5 ] tSEttMT J 1 0 0 (OjgtClS^LTiiScD 

r-, mt j ^gos^cis h i^^RseJi 120 co^^ttc 
102, 1 0 4(Dme:ffiSfcfci9 <Dt&m$, 9.m&mt 

iS<-T6^ £^T-££ 0 y-Kl02, 1 

[0026] &mwmx* 1 1 o<7>/ii3:¥?t-c-;ib 

0, Al 2O3 h y^/^ii 12 0 

6 fz t£^*n<z>;* ^ (c J: 5 fifc* 

a^a* mt j 1 0 0 r-is, b:£3£$£{£/i 118*5 
xxfmm&m&m 1 3 2 o^n^n^^-* > 

So @^Ji 1 l 8^- v ho^lSjtt, K34«f£JBi 
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^fflg 1 3 2<D^-J 1/ h^i^te, 3SHKttJl&#<Z>B 

£tiz> a mm^m^^mt, bsjbi 1 s^SMfi 
^l^c^furittfttciKitfci'h* ft^#^£>^T#fffi-f 
S^lcJ: StfcfcbJI 1 3 2rt«cR«L-TSr i:^r-#So 
^tii®o^^ (TW) £ 9^<51tR-t-6C£lcJ: 

19 , ^tta^tt^ttfflJi^lKft^-^ > h £B$£/I 1 1 

^ft^f^#LT*J?fftT*teft^ 0 ^ttiSl 3 2(D^r- 
* is h<^SS«J&iaipJtt^^r^3S«t4H 15 0 co^o# 
ffitcj: 9fr 5 £ £3&*"5I«rc*>5o tfflll3 20l^ 

£^>b««»#«:*2»3&>tt^ <fc 5 (N i -F e 

[ 0 0 2 7 ] SIJcO*ffl9fi*i4Jl 132 g 1 3 2 <D 

20 *«#36M6^««^<Z>N i (100-X) F e ( X ) (Xfi^ 1 
9) <D£ 5 ^f?:ft6, «tii3fi«i4l 3 2ih^ 

/upgSS 120 ^#sr*c ofcs^Mic o (loo-x) f 

e (x)*>SlMiN i (100-X) F e (x> (Xf^^6 0) <DW- 
(100-X) F e (x) fcSlMiN i (ioo-X) F e ( X ) (X(i<ft6 

o) o»^ffBiSrft5, r ^^^^"(D^tfcigtD^^ 
Si 3 2 0^i^o,M$:©«x. 

0>B^3ft«ttJi l l 8 fi, h >^^»aJl 120^: <z># 
J(9 ffiT-C o*5^I4C o (ioo-X) F e ( X ) *?6^M*N i 

(100-X) F e ( X ) (Xli»6 0) ©i^itttSXS* 
<7>N i (ioo-X) F e (x)I^^fiCft5^^ h~*imX~&> 
So ^fs^-tSC o T% fcStM3*i«»*ON i 
(100-X) F e ( X ) (X^^J6 0) *>5l v (*C o (ioo-X) F 

e( X )-&A (XI3SKJ7 0) #EJii3*sa^ 
| l»l-2nmJ?t^5 0 te^*?^fcJB<?>*3l*Wtt« 

«t 5^K^"#"5. Ill 8<7>*«3>^N i -F e ft fe , 
fij9:(*N i 81 F e i 9 Tfc»? , *»&^Ni-FeOffi«. 

[0 0 2 8 ] F e -MnSMttl 116 13 N i -M n 
Ms *>StM3@3£JB 1 1 8 <^3&«tt»** 
L, A 1 2 0 3 »SBJl^SSt«t 5ie«W(-/h*t^«:S:*- 
-fSftH<7)5S^)ft^^^ST^x.sr:^^T^So 
tc, @^a«gl 1 8?>gc;£ttte, «^&*«{cj;i9 
4>W*ixfc, Ni, Co, Ni-Fe^, Co-Fe^ 
^, fcStMSN i -F e-C oZ7C^(7)i: 5 ft 20(7)i 

5c ^co^-r 7<nmmmj£m& i BMitw^i^, usp 5, 
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465, i85i£lE«£*lT1^5 0 
[0 0 2 9 ] MT J MRBtBtU^y KKiS^P-fe^ : 

t^^ot^T, H7ja>fe02 0*r#Bl-R!fl"*"So - ^ 
— &<Dm*MMT*te, &<Dm (0 7, 19, gll, Hi 
3, Hi 5, 117, 119) tem*<oJ§$:#rtti£-&. 
^-y^MLfcioii^U *1II<7>0 (18, 

010, 112, 014, 016, 018, 020) f3 
;itfJ£O^pffi0~C&> 9 , 0 5 M^Lfci: 5 4MT J MR 

Kites' K**Ji*WJcfNja:-**S}t«>co yy^77«^ 76? 

[0 0 3 0 ] ;iO:/*i?;*<Z>RW*SfitCt"5fcafc, M 
T J 1 0 0 £rf£6ffl^ Oil 1*0 7^^120 tl^LT 

mihnzmfc (0^-e-f) i^Gir;Ktir^6 6 

*Rj**l*SiS.^ ^Olg^^T7/^y (Ar) 

#xx~*y* hoy • ^/^^y v^^i: K>ftt>ti& 0 

<£>*"[p]) ^) W^^r* 2 0- 1 0 0 OeOTOOl#^rffl ^0 

6 e MTJ lOOOM^ilT, h^/MSBJB 
1 2 0lci57/u^=. ^g^ffaiH, «»^T 10 0 

mTorrO^^ff £ 2 5W/ cm 2 £>«;*aSi£"t? 30-2 
4 0*1? ML ^X-^WMfcfcfTio -*Uc J: & ^ ^co 
h^KI112 0«Mtl)o TA- s — ^i^Sco^ 
7 X-? ^<D^n±X<DMQ&tpWT~r&Z.tt£< 

[0 0 3 1 ] mt j mW:<or£W)lz. irot*S«r-li<c^ 

*tt*W*-TS*J^^*>So MT J 1 OO^IMItt 

Jl i 3 2 cowta^itir-, r/^;t(oh^Biii2 

[0 0 3 2 ] i4(C/T^ixfcMT J KSliMT J 1 0 0 

brS3S«ttJB«:«f m ITMT J Sg«S:»fiS:-r 6 ^ £i> 40 
X^ 5 0 £ 5 bfcMT J SS«ttH 4 (;/7lf:MT J 1 0 

[0 0 3 3] fiHt^n -fc^lSH 7 T\ y — K 1 0 2 

^MTJIOO (iBl^ll3 4t^) 0>JM«W#r 
til 5 o #Cl-, Ctlh<Dm\$m8\Z^£?lZ>£ ? 

l^jSBWy - Ki o 2(7)fttlc/^-y^jStSc 0 
9(C^rt\ #:<7)X*IT-|3:, yy/77Mt^tMTJl 
O0Wh77^iTW^Mt^. 0 9 lC7F~t~£ 0 (C, 
#^17* h U^-* h 1 9 0^ y — F 1 0 2 iJoilT^MT 

jioocit^nr, ^cd h ^ y?$&i:Mf£-t'Z>ti& so 
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Fll0 2^M^-V' UV/IU^MTJ 10 0^ 
bSft*i-5o Mil 3 4ffllciSI4a-»*:aRt5^ 

MS 1 3 4S:Sl«i4^^-v -x^y^tS:i:t)t- 

[0 0 3 4 ] 011 ^bi l 2 M^-T J: 5 tc, 1B 

-T/KtlfeiiieO, CoP tCr«R/Wr^5S 
«t£Jl 15 0, %ZLT/U*i-femm 16 017th ^iy 
* h 1 9 0 ^^P^^ilLTWai^-^, «fttttC|6*L 

iSI^JI 1 5 0S:Mt5c m-, fr7/Ktl 16 0 
(3, y-Kio 2 *3 J:t/MT J l 0 0 cool v>^r^ 
ffiftjicBK^ ^fiiioo^b 5 0 0^y^hP" 

t^is/iror*, si/^^^f tsifei^^iSo si 

f/M7^|150IKoPtCr^iJK, ^ 

^yi/<DMt£V&te< , ttttlJl 1 3 2<7)^£ 
03^2fflP<7>3L^A5«fa-*"So 7t hl/^hl90if 

v^/mk-^ (h^!x^iTw*?gfiic) <7>ttiiffia:s/^(cK 

W)tffl«^^r^3fiB£ttiB 15 0 <D««*6»«*a*»fe 
tl5 (013, 014) 0 o^M, V y^77^f^ffl^ 
r, 37* h l/^ h 1 9 1 <n&J$t'*P v^a^tcj: (9 M 
TJ100^f-fW (7^*Q.3SE*fff) Sr^fiS-rS 

(0 15, 016) e ^ it-fty • ^ y y^^rSi!) 

— Kl 0 2 ^.[R]W"rfT ^> SBctfT, ilin^r^s 1 4 
■0<7>«TtU4:ff^, 017, H l 8 (c^-TJ: 5 **at^» 
fett^o -t<7>±ffitf>:7 * h l-v^ hl9UT/^tl 
4 0»*L, 01 9, 0 2 0 tC^-r$£t££r^-r o ~*i 
«MT J MRa^ FilOfiili^SftC^Lrio 
«9 , - K 1 0 2 — ^MPS»60^Sy?fci9 , * 

btCMT J 1 0 0O±S(C±ffiiSiy- Kl 0 4£rfigg 

[ 0 0 3 5 ] MT J K«<7>»»W*W*4*tt«:»Sfc 
3fi«14tttUJl 1 3 2^^^f^ 13 3 l^|4{l^L 

«tt*IB^»*tt«***H fc *H*i*«ttJid»fe^iH 

T J K«"C-«, h v^/ufllJiEtt^oflljtcoJB^iPi^or 

2 0^j15 0O e <F>mX&ik-*SmX&>Z> 0 H^t^^^ 
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u £>o [ (t/sH) xm] tcj^cr^^-r^o ^ 

T, t = 50t>^ha-A, SH= 1 0, 0 0 0^ 
y^h0"A, M= 8 0 0OeOP$, H d li4 0Oe 

*.SrtM£i9, Hd*Hf C ^-Sfc*-ii:5-^^^Jtir- 
I BMtttCi:6*[14#l^m5, 465, 185#f^f5^<7>^ 

fi5ty^hn-Atfc^ H d l»40eWST^ 

[oo36] v — fio 4a*A*^ — mtj 
i i 8<7>®^*a^4*rfi]--M-<^i^s^fcSo 

ttttJI 118 ^SM^t67i^c7)F e-Mnll 1 6 
F e-Mnllii^Mi 118 £ <Z>#*a#t££r* 

116M18 <z>#«: <«&«]-#- 5 - t\zx vftv m 
i i 8 <Dmft<D&fti$WMmn<n 
*ipi(-fi5 c£M&5o ^or, - cor ^-/u^r-co^n 

1 1 8 co^e — ^ > h£^T — • -<T y V^affi^SlStL, 

*t\ H1JD^*«CJ: !P«^Sn7t, Mttil 1 8cD#£ 
r-Fe-Mni^Lfc8^5o ^oT, 

a«t f?T^taft"Ctt, H*5*«tt* 1 1 8a)«ftii*jt 

[0 0 3 7 ] CCO^gt^MT J 1 0 0 <Z)*a*fi«jfeWffl<£> 

[0038] mt jmw<nnmtemm&, mrss&o — 
fc 0 y y s> k • h ■ * * y aa 

|:/M7^Jtir^5. ^^y • i?^a**&^««fc)&>ic> 
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[0039] tt^^ir, frmm<DMmzmi,x£iT 

[0 0 4 0] (l) rt*<7>««ig:a:(?>3E^«r*a-r5« 

r, sat, _ht5sa_h(c^Lfc^-^my- K^r, 

LT 2oco^*HfJ<z>^ s/^Sr^r-*-S*W3il*ttJi t 

±tas§-y- k±ic^jS;l#:«« h^^*^* 
-r s «o ffi ± o ±ie sa ± tfc/<>f77 3£^f£g 

-^hl:fU ±ffi^T;*&W4*£±f5ttttl3a« 

^xnmtmti&izft <oMfztefo&±.t&a 

(2) ±|SHfi*5j:^ttffl3fi«ttJl(7D««^--^ ^ 
Kft^nfcc ^SrWWir-rs, ±15 (l) ^lE^co^^; 

(3) ±12H3£*3J;^«tiiW)aH4iB^«ft ; E~^ > hi^: 

»ti-s, ±ta (i) «c:ia«<oa;» hv-*^*-&ss«o 

(4) ±tBjte*iit±ia*»(7>y- k<75^*< t<> io 
40 3&^±E^>rr^««ttJB*««j|fe*^5^ t*««t 

±15 (1) ^IB«^«ft h^/H*-&8«o 

(5.) ±ib»— »«y - Kiijes y - kt-*> , ±ia« 

V Z/*^mim<? ^^^±f5@^^ttS^±f5^- 

mm y - Kic«ftW(-*«i-r-5 j: ? {c±iasa±«c^ja 
±15 (i) ^ia*<7?«i« h^^a-^Ktto 

(6) ±|B«— *«y — FlijSffiy-K^*>!3, ±15^ 

5o y - f ^m^ifttcs^-r £ «t 5 (c±t5sa±{-^ 




17 

6, _bE (D «c|b*<o*« h v*/M*<fr8« 0 

(7) ±E*^ s^o^t^jbw:, Wtt-rsttlffi^s/v 5 
^{affl^CSE^tfcSr^-t-Sn^SrWWir-rs, _LE 

(l) {cia*o«a h y^;^gfc 

(8) ±l5««h^«^^s'^«:, 

«&3 fefc*t-5-£&4#«£-rs* JbE (1) tcE<£ 

(9) ^{c^^jtcia^^n^^-^^^tb-r^^^ 

S3t«ttH <7>«-ft;*rS] l2_bEg£#a> <b OffjD«ff ro^ffi 

(10) B±EHS3a«f4*0>®tffc* 
f^^rS^-refc^, ±EBS»««iJi£*^£E3fiW4 
BS:*5)lf:tt5ri:*»«(i:t5, _LE (9) t^E3$ 

(11) ±E»«!J- Ko-*t±ESfi±t*filtl, 

•C±E*IRJitcJ»J*U, ilEiSaittittlERjl* 
ttiiCgiLtML, *nfc* D ±EHft»«tt:Ji 
(7>iB^l^ttJiER*«ttJi^^*ffiS!«ltt-&^ct 9 @ 
ssn*;: JLE (9) iciEiwas h 

(12) ±E»«y - K(D-^^iES^iCMl, 
*>o, JiEjB-«*«rtt*«y- KO— ^-Jitc^jab, 
JbEStR£-bE*&» h ^*>^»»*0>P* KRtf ^ £ & 
Wt»£-f5, ±E (9) (cE«^fl£« h>^/MK-&®:« 

(13) ±E«a»*14JBl^> iEJK#^rp]tfTBfl|oJL 
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fctfcfctt^s/^*, Ktfca^y^{-*5ff 5 PtT"t?±E«#3&^ 

bittfcWffixsx^^, 2oo{5^a:^-rs{i'JE^^v> 

te*ft\z.&^\z.s<<<fTx£ti&Z.b£¥}Wit'r&* _LE 
(9) lcE**>«« h ^^*-&««Stn:RBi>9^s/ 
K. 

ifl (14) ±E@^5SSSf4Ji, JifBhy^BlI, JbE 
«ffiifi«i4Ji(i, »H3£»flM4JB£ h^^WMJB^K 

5i^^^y^^tr*iSti, *7t, ±E*6»Jllitt 
^&±E^>TT;*««i*JS£*«y- Kj&>fc«£C 

-LE (ll) £E*<z> 
^ h>^^*-&«»ffitttt*!3^s/ K 0 

III] *«SCJ:6MTJ MRKS'J^s' KSrttffl 

-t-5tt*o*ftE*^-f • ^9^^<Dmwmmm 

20 X'hZ> 0 

fc#BcD^ffiH 0 

[13] ^-^KBlcRil KfcL»*L 
fcMRfgf&D-^ K**-rs«e*<7>IS**j2w^s/ KV 
MRRStD^s/ K©S£$rffiHo 

[14] ^PJtcJ:?)MT J MRRS^y K<o»r® 

m« 

[15] *^0|{a5MTJ MRR&D^S' K<Z>5pffi 
Bo 

30 [16] «ltli3ft«tt«Oft^*-|fi]^>rr^«:»tt-r 5fc 

©14, ISOMTJ MRKSD^y K<0*Hli 0 
[17] *1SWMT J MRttlX0^S> K<7)JKsft(7> — 

[is] h 7(c^-r^eiitxg^^-r*Kfe^EBo 

[19] *^JOMT J MRSS^iX K^)fiS(?)- 
[010] H9tc^jffi-f SMiftXS*^"r«ll»¥ffiiao 

[ill] *i^i7)MT J MRRSU K(7>Kift<7> 

40 — XSSr^-fWlB&WTffiBlo 

[Hi 2] Ell l ic^j-j^-T^®iitX^>lr^-rSE»&3p® 

Ho 

[113] ^^©MTJ MR»^^F0M© 

-XS^-rSEB&Sfrffidlo 

[[ii4] hi 3{c»js+ssaisxa*^"*'*i»5pffi 

Ho . 

[115] *^SOMT J MRSS&<9 KC0®i^(75 
-Xg^^-r«EB&SFrffiHo 

[016] H 1 5 (C^-JS-t-SMittXSSr^-f Wlft^pffi 
Ho 



(u) 
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[Hi 81 Hi 7 (cMt6SJ!iiIg^/Tt»?I 
Ho 

(H 1 9 ] «5lOMT J MRRl*0^s> Ktf>8¥ift(7> 

[120] Hi 9 ^^JES-rSfiSafiXSSr^-r*!* 5 ?® 
Ho 

1 0 ^<—^ 

1 1 

i 2 -x'-r ^ ^ • K7^^' & 

13 jSTsTy V 

1 4 Z ^ — * 

i 6 ^is^^r^^ 

1 8 

20 ^Z— • s<T ] J >V ' ^=7^¥ 

2 2 T — A 

2 4 IJ-^^^v'h > 

2 5 h "7 y^fa^t 



4#8B¥l 0-162327 
20 



4 0 MRirVih 

g i m»m 

G 2 MBKJB 

10 0 MT J 

102 jEffia»«y-K 

104 ±E3»«y— K 

iio wm&m**y? 
112 mm 

116 K3ft«i4J! 

7(7 118 sa%t£js 

12 0 f&» h^y^WllJB 

13 0 Jrffi^^;*^ y ^ 



13 2 



13 3 — ;* > h 

13 4 «^j§ 

140 iliJDT/US ^-Jl 

150 T^fam&m 

16 0 ft&tKJi 

1 9 0 7 * h l-v^ h 
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